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Abstract 



Ha„pin ^■^'SZ^T^SX^l ."SSSS-S a^x-reoning 

T'tlSSoKSSS 5nk me d^-S trtplexirming regions. In the absence of 
regions running «P?S^ n ln ^P^^2„Sing region by Hoogsteen Bonding forming a triplex, 
expression. 
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w . claim . ! a hairpin triplex-forming oligonucleotide comprising a duplex-forming 

2. An oligonucleotide according to claim 1 wherein the linker is a nonnucleotide linker. 

5. An oligonucleotide according to claim 4 wherein the linker is about 5 nucleotides in 
length. 

6. An oligonucleotide according to claim 4 wherein the duplex-forming region is from 
about 8 to about 50 nucleotides in length. 

7. An oligonucleotide according to claim 5 wherein the duplex-forming region is from 
about 25 to 35 nucleotides in length. 

8 An oligonucleotide having sequence 5'-AGGAAGAAAGAAAAAA-3'- 3 
G'GAGGTTTTTTCTTTCTTCCT-5' (SEQ ID NO 3). 

9. An oligonucleotide having sequence 3'-AAAAAAGAAAGAAGGA-5'- 5 
GGAGGTCCTTCTTTCTTTTTT-3' (SEQ ID NO 4). 

10 A method of modulating the expression of a nucleic acid having a homopyridine 
leq^nS the mTS comprising contacting the nucleic acid with a ha,rp,n triplex- 
forming oligonucleotide according to Claim 1. 

1 1 A method of modulating the expression of a nucleic acid having a homopyridine 
sequ^nct £ Sod comprising contacting the nucleic acid with a ha.rp,n tnplex- 
forming oligonucleotide according to Claim 2. 

12 A method of modulating the expression of a nucleic acid having a homopyridine 
leq^ence Z Sod comprising contacting the nucleic acid with a ha.rp,n tnplex- 
forming oligonucleotide according to Claim 3. 

13 A method of modulating the expression of a nucleic acid having a homopyridine 
L q Se I?od comprising contacting the nuc.eic acid with a hairpin tnplex- 
forming oligonucleotide according to Claim 4. 

14 A method of modulating the expression of a nucleic acid having a homopyridine 
seq^ncX meS comprising contacting the nucleic acid with a hairpin tnp.ex- 
forming oligonucleotide according to Claim 5. 

15 A method of modulating the expression of a nucleic acid having a homopyridine 
sequence ?he Method comprising 'contacting the nuc.eic acid with a hairpin tnplex- 
forming oligonucleotide according to Claim 6. 

16 A method of modulating the expression of a nucleic acid having a homopyridine 
leq^e ^e method comprising contacting the nucleic acid with a hairpin tnplex- 
forming oligonucleotide according to Claim 7. 



17 A method of modulating the expression of a nucleic acid having a ' homopyridine 
slq^nSX method comprising contacting the nucleic acd wth a Iwp.n tnplex- 
forming oligonucleotide according to Claim 8. 

forming oligonucleotide according to Claim 9. 
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PYRIMIDINE TARGETING 

HAIRPIN TRIPLEX-FORMING OLIGONUCLEeTIDES 
BACKGROUND OF THE INVENTION 

Sn^enL'Ssto synthetic oligonucleotides. More particularly, the invention 
2*£7!^ oligonucleotides that-are useful in gene expression modulation. 

Summary Of The Related Art iica75 280284 (1 978) first 

has gained great momentum. The greatest development has 
bee f he us mJ so-called antisense oligonucleotides which forrr , Watson- Cn* 
^nlros with tarqet mRNAs. Agrawal, Trends in Biotechnology 10, 152-158 (1992) 
SSSSSXSZ development of antisense oligonucleotides as ant,v,ra. agents. 

Also important, but somewhat less advanced, is the so-called antigene oligonucleotide 

aDDroach in which oligonucleotides form triplex with target 

SS duplexes through Hoogsteen base pairing. Thoung and Helene, Angew. 

i„« ch Pnni fi66-690 (1993) have recently reviewed developments in this 
£Ta P oaS 3 afso 6 U 6 hlm 9 an^ 9 ndUyman, CtJm ^ 90:543-584 (1990) and 
Sang and Pettitt, Prog. Biophys. Mol. Biol. 58:225-257 (1992). 

Triplex formation has been observed J^g^jg^^ft^ 

A^Res 22 549-1561(1989) discloses triplex formation involving 
Seoxynucieotide phosphorothioates. Kibler-Herzog et al.. NudeicAcdsRes ,18. 
?Ss 3555 f 1990) discloses triplex formation involving short ohgodeoxynucleot.de 

.1991)) use of the bicyclic cytosine analog, MODA (Young et al Proc Nan. Mcao. ock 
USA 88 10023-10100 (1991)), and use of a synthetic a-anomer,c nucleotide Praseuth 
et al Proc Natal Acas. Sd. USA 85, 1349-1353 (1988)). G.ovannangel, et al 
V tr£mac 113 7775-7777 (1991) teaches that attachment of an acnd.ne 
„w al Stor onto the ^S '-end of a capped o igonucleotide also enhances triplex stability 
SlKSSS^^Si Nation can cause inhibition of transcription, at .east 
in vitro (see Cooney et al. and Young et al., supra). 

in recent years, several groups reported circular or foldback triplex formation at 
homopurine single stranded sites using linear (K an , dima "\ a " d c _ 35 „ 3564 
Agrawal. Gene 149. 115-121 (1994); Xodo et al Nude c Aads Res. 18, 3557-3564 
f 1990V D'SouzaetaL.Biomol. Strut. Dyn. 10. 141-152 (1992) 
Noll et al. Nucleosides Nucleotides 13. 997-1005 (1994)). circular (Kool. J. 

Am. Chem. Soc. 113, 6265-6266 (1991); Prakash and Kool. J. Am. Chem. Soc. 

114 3523-3528 (1992); and D'Souza and Kool, Bioorg. Med. Chem. Lett. 4, 965-970 
(1994)), and ligand conjugated linear (Giovannangeli et al., J. Am. 

rhom e nr 113 7775.7776 (1992); Giovannangeli, Proc. Natl. Acad. Sci. USA 90, 
?00 £l«M ' 1993) and G^aznoi and Lloyd. Nucleic Acids Res. 21. 5909-5915 
1993)) homopyrimid ne oligonucleotides, which may be useful as agents for gene 
ETSal translation level by targeting mRNA. The hnear ohgonuc eo ides 
SS i fotoback triplexes with homopyrimidine strand were shown to disrupt guan.ne 
quadmplex structures if the target site contains such quadruplex-forming base 

SESS a £5S^ These o.ionnudeotides were demonstrate to 



bind at oligopurine sites of a double helical DNA through strand invasion mechanism by 
D-loop formation. Kandimalla et al. and 
Manning, Agrawal, S. (in press). 

Requirement of acidic pH conditions and limited base recognition are impediments to 
KlSnentation of the triple helix approach. Several modified bases (Ono et al., J. 

^StSfflSfL 89, 3761-3764 (199 2) .Miller et a. 

have been 2! overcome these problems, but with limited success. Recently an 
=nnfn^f 0 rtaraetina sinqle stranded pyrimidine sites using circular oligonucleotides 
thrX G G -C ^ and T-a'? kfnd of triple helix formation has been proposed in which the 
n r stS ^bind a Jiparalel to the purine strand through reverse Hoogsteen hydrogen 
bondfng which is weaker than Hoogsteen hydrogen bonded triplex. Wang and Kool, J. 
Am. 

Chem. Soc. 116,885 (1994). 

Both the antisense and antigene oligonucleotide approaches have as their goal gene 
^oression modulation that is beneficial in understanding gene expression and in 
theraoeSc Sment of diseases or conditions involving gene express-on Two major 
5S2£^«SgonudBOtlde compounds that are well suited to mert these goals 
are hlqh specificity and an ability to interfere with gene expression upon b nding. 

these characteristics is always desirable. There is, therefore, a need 
for new ongonucleotide compounds having even greater specrf.c,ty and more stable 
oomptex formation, leading to increased abilrty to interfere wrth gene expression than 
existing compounds. 

RRIEF SUMMARY OF THE INVENTION . 
?^vembnprovides novel antisense oligonucleotides for targeting pyr.mid.ne nucle.c 
add S These antisense oligonucleotides significantly increase the number of 
sequS thai tSn be targeted by triplex forming oligonucleotides and also form more 
stable complexes with the target nucleic acids. 

niinonucleotides according to the invention have two complementary strands, which 
SSSStoaXSJ and form a duplex structure. One strand of the duplex structure 
con ains aH purines and the other contains complementary all pyrimidine bases. These 
So s rand a?e attached by either 3"-3' or 5'-5' linkage so tha f complementary 
strands form a parallelstranded hairpin-duplex. The two parallel strands are held 

Hooq h stee b n hydrogen bonding. We name this novel structure as parallelstranded 
Hooos teen duo ex The target sequence for such an antisense oligonucleotide will have 
Ke^s^ as that of the pyrimidine strand of the ^"'^^"P^ 
n an opposite orientation, i.e., it will have opposite polarity. The purine strand o the 
antisense oligonucleotide will bind to the target pyr.m.dme strand m an ant para lei 
fashion through Watson-Crick hydrogen bonding resulting in a triplex structure (F.g. 3). 

The complex formed between the target nucleic acid and oligonucleotides according to 
me invS ^characteristics similar to both the duplex structure of the anti sense 
aooroach and the triplex structure of the antigene approach to gene expression 
Station Because the same oligonucleotide performs both duplex and tr,plex-form.ng 
functons this structure is called a hairpin triplex and oligonucleotides according to the 

which complex with target nucleic acids to form a triplex, are called hair P .n 
triplex-forming oligonucleotides. 

Hairpin triplex-forming oligonucleotides according to the invention are useful for carrying 
ou m vitro studies oflhe kinetics of duplex and triplex formation under varying 
oarameSs They are also useful in gene expression modulation studies both in vrtro 
Sri in v vo The use of haimin trin.exformino miaonuolentiries ancnrd.na to the mvenhon 



nrovides an easily used alternative to the laborious method of modulating gene 

SdlfneTn S^iSSSX importance of such a use can be appreciated 

1 nfnS tIs that the elucidation of most known biological processes was 
^^?^'rtZvn 9 de.etion mutants in vitro or in "knockout" 

animals.. 

Ltd SubSl oited Wein eetebliab .he state of .he an and ara hereby 
incorporated by reference in their entirety. 

ddipf nF^PRIPTION OF THE DRAWINGS 

Figures 1 A and 1 B show the antisense and antigene approaches to gene expression 
modulation. 

Fiaure 2 shows C-GsCs and TAeT base triplets with both Watson-Crick and Hoogsteen 
hydrogen bonding patterns implicated in triplex formation. 

Pin, ,r P ™ diolavs an example of how the complementary duplex- and triplex-forming 
Ss of S ^?SS*m*o oligonucleotides of the invention are onented, and 
Figllre 3B shows the orientation when an intramolecular duplex is formed. 

Figure 4 A and B display triple-helix-forming constructs for targeting purine and 
pyrimidine single strands, respectively. 

^IfTSil^SSS^ 5Uc,ee„de alone due .o secondary a„ud,ura. 

and in the presence of the 

DNA complementary strand, respectively. 

n FT AILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5E ^Son delates to synthetic oligonucleotides that are useful in gene express.on 

™dEo^ synthetic oligonucleotides that have greater 

sScS an! ! mo^e stabtecomplex formation with target nucleic acids than existing 

oligonucleotides. 

The antisense approach and the antigene approach, which are illustrated in Figure 1. 

bbckTg of ribosome function on RNA, or blocking of enzyme function on RNA or DNA. 
m rontrast in the antigene approach, the target nucleic acid is a doublestranded nucleic 

srr 9 rex^^ 

3™SaboS^ 

rJsSi fn tripiS tendon, bene expreseidn mddulatlon presumably dauurs v,a 
interference with transcription. 

Pyrimidine single strands can also be targeted by triple helix formation. 

This approach utilizes oligonucleotides having AT and G C base paired DNA "airpins in 
k h thl w Strands are aliqned in a parallel fashion for complexmg with the DNA and 
^S^^SflSS. throLh trio.* he.i* form^n Stab.* n.rali.l branded 



Ids) base pairing of A-T and GC through Hoogsteen (Liu et al. Biochem 32 11 802- 
11809 hydrogen bonding has been shown to be possible Raghunattan et al.. 
B ooolwien 34 1573-158 (1994)). The present inventiondemonstrates that these 
nooeSsc^nbe exploited to provide oligonucleotides thattarget pynm.dines.ngle- 
S^nSatoaS and form more stable complexes with the target than trad,t,ona. 
antisense oligonucleotides. 

SJJ, lust as in the antisense approach. The triplex-forming region is 
SKI, the Hoogsteen sens, to the duplex-forming.reg.on but has opposite 
polarity, as depicted in Fig. 3A. 

That is viewing the hairpin triplex-forming oligonucleotides of the invention as linear 
stands Ten the sequence of one of the duplex- and triplex-forming regions is oriented 
f^Mh; other is oriented 5'-3' and vice versa, as shown in Fig. 3A. As used herein, the 
term' 53? means Se direction of the vector pointing from the 5 to 3' direction ,n the 
SLSSSture of the oligonucleotide. Accordingly, when an intramolecular duplex is 
formed as dep cted in Fig 3B, the duplex- and triplex-forming regions are parallel ,n 
Sal; ThiSs also the case when an intermodular triplex is formed w,th a target 

n. iriPir arid As shown in Fig. 3B, Pym and Pun, Pyro.1 and Pu.1 Hy 

and Pu a e aTHooiteen pain. In mis depiction, the number of nucleosides in the 
SVrnning region (m) is equal to the number in the duplex-forming region (n) but 
!nis needTot be the case. The duplex-forming region can have more nucleosides than 
the triplex-forming region. 

The duplex-forming region of a hairpin triplex-forming oligonucleotide is characterized 
b\ havin a nudeotide sequence that is sufficiently complementary to a target nucleic 
acid sequence to hybridize to the target nucleic acid sequence under expenmental or 
physiological conditions. 

Preferably the duplex-forming region has from about 8 to 50 nucleotides, and most 
pSferaS'has from about 12 to about 35 nucleotides. The target nucleic acid can have 
esSaHy any pyridine nucleotide sequence. For therapeut.c, medical, or 
exPerimeX the duplex-forming region will preferably have a nucleotide 

sequent ha is sufficiently complementary to hybridize under physiolog.cat or 
experimer. aiconditions to the nucleotide sequence of the target nucle.c acid that is 
fnvolved In a particular disease state or physiological condrtion, or which .s under 
investigation. 

The duplex and triplex-forming regions are connected via a , flexib le link ;er or loop region, 
which allows the oHgonucleotide to fold back upon itself and hybridize to form a 
HoSsteen duplex (one in which the two strands are parallel . In the presence of a 
taSyrimidine nucleic acid, the duplexforming region hybridizes in the normal 
52 Crick manner to form a duplex, and the triplex-forming region remains in 
ySSESSZZ^ n ^he major groove of the duplex thus formed. The result of thb 
interfctton is the formation of a highly stable triplex. Such a comp ex (shown in Figure 4 
So oligonucleotides according to the invention and their targets) .s called a triplex. 

Because oligonucleotides according to the invention are capable of forming triplexes 
with target nucleic acids and form a hairpin within the oligonucleotide such 
oligonucleotides are hereby denoted hairpin tr.plexform.ng ol.gonucleot.des. 

Oligonucleotides according to the invention have characteristics of both the antisense 
and antigene approaches. The target nucleic acid for ol,gonucleot.des according to the 
fnvention is a single-stranded nucleic acid, as in the antisense approach, and the final 
complex is a triplex, as in the antigene approach. 

The new constructs are shown in Fio 4 and Tahle 1 infra. Fio. 4A denicts the strateav 



reported in Kandimalla and Agrawal, supra, Xodo et al., supra, D'Souza and Kool, J. 

llSJlSSHSSSwes SEQ ID NOs 3 and 4 should form an ant.paral.el duplex v,a 
Watson-Crick hydrogen bonding. 

The pyrimidine strands of SEQ ID NOs 3 and 4 remain bound ! in he major groove of the 
antiparallel duplex in parallel fashion to the purine strand through 
JS^JWtTSUm^ means an oligonucleotide sequence that is 
ISK^SM^arta-y W h the Watson-Crick sense to hybridize to a angto 
tranTd I nuclei? acid or (b) in the Hoogsteen ^^™£*?fi£ * 
duolex DNA under the conditions e.g., temperature and pH) of interest. unle ss 
othe^ise indicated, as used herein the term hairpin triplex-formmg oligonucleotide 
refers to the oligonucleotides of the present invention. 

Hairoin triolex-forming oligonucleotides of the present invention differ from previously 
JcHnLn Gback Sex-forming oligonucleotides in that in the presently d.sclosed 
SSS^^SSotld!. the duplexforming region and the tnp.ex-form.ng 
region have opposite polarity. 

Furthermore the oresently disclosed oligonucleotides are designed to target pyrimidine 
IS^XSSXe duplex-fonning region is comprised of all purine residues 
and fs complementary in ihe Watson-Crick sense to the target pyrim.d.ne nucle,c acd, 

pyAine sequence, to complement the duplex-forming region, but in parallel 
orientation. 

The triolex-forming region preferably has at least about 8 nucleotides and can be of any 
KKTtoSS length of the duplex-forming region. In a preferred embodiment, the 
bases °f the triplex-forming region include Sbromodeoxyundine and/or 5- 

SS^SS^I P H. The bicyclic cytosine analog 
SSS^^ericnuSeotides and/or terminal acridines, other terminal intercalates or 
D^uttingTSng agents such as EDTA-Fell, and cc-1065, or hydrophobic or 
aXhophSc groups such as cholesterol, cyclodextrins, or polyamines may also be 
present in the triplex (or duplex)forming region to promote triplex stability or target 
nucleic acid destruction. 

The linker region of hairpin triplex-forming oligonucleotides is a flexible region that 
connects the duplex-forming region and the triplex-forming region. 

The linker reqion may be an oligonucleotide having froni-abou-t 1 to about 10 
SeotidesT preferred embodiment, the linker region is an oligonucleotide having 
about 5 ^ nucleotides. When the linker region is comprised of nucleotides either the 
duplex foSg region or the triplex-forming region are connected to the linker via a 5 -5 
or 3' % ^nucleotide linkage, or the linker region has a 3'-3" or 5'-5" internucleot.de 
linkage. 

Alternatively the linker region can be some other flexible chemical structure, such as a 
SS^vwLm^ alky, or aryl group having about 2 to 20 carbon , atoms (e.g 
fsoDroovl o-xylyl), or ribose or 1, 2dideoxyribose chains. In a preferred embodiment the 
Kl^to hhScaathylene glycol. At a minimum, the linker region is a single covalent 
bond. 

In the absence of taraet nucleic add. the hairoin trinlex-formina oliaonucteotiries form 



intramolecular duplexes, the triplex-forming region hybridizing to the complementary (in 
KhSSS. sense) duplex-forming region. Because the two-regions have opposite 
^Irity a paralS stranded duplex is formed, as opposed to the usual ant-parallel 
stranded duplex. 

The fact that hairpin triplex-forming oligonucleotides do form both duplexes and triplexes 

1 de^nsSS by independent lines of evidence. First, under conditions that aHow 
HoooTer ^ base-pairing involving a cytosinecontaining triplex-forming s rand (pH 5 A 

2 wS ?SnSs cytosine is protonated), hairpin triplex-forming oligonucleotides 
^a^mphSSSa target nucleic acid that upon thermal denaturafon yields a disbnct 
ncTelse T A260 (each increase being indicative of a denaturafon event). Fig. 5. The 
STnc ea^ occurs at about the temperatures expected for thermal denaturation of 
Hntexes and duplexes The higher temperature A260 increase takes place at the 
SStowSSJfor disruption of a complex formed by both Watson 

S and SXteen base-pairing (Kandimalla and Agrawal, supra). The lower 
S^UUlmfor dupexes of either antiparallel or parallel nature would be 
eST^s^onTa ess th'ermodynamically stable complex involving only one of 
SXa^l^^n^ (anti-parallel) or Hoogsteen (parallel , base pairings. In 

formation, the higher A260 increase pattern is restored. 

For the intact hairpin triplex-forming oligonucleotides and the various structural regions 
refe red to herein except where explicitly stated otherwise, structural features include, 
bltZ notKS to, ribonucleosides, 2" substituted ribonucleosides. and/or 

:C;"SS linkage or an arfificia. linkage such 
as fof^mp! U phosphorothioate, phosphorodithioate phosphoramidate. 
?MphoShona te, akylphosphonothioate, sulfonate, carbamate and/or 
nhosDhotriester linkage Moreover, such oligonucleotides encompass 
tESSEL having modifications on the bases andfcntugar rescues as 
well as those having nuclease-resistance conferring substituents or bulky 
substituents at the 3' and/or 5' end. 

Certain preferred embodiments of hairpin triplex-forming 
oligonucleotides of the present invention are shown in Table 1. 



Selected Foldback Thtplex-Forming OligosAndAn Antisense Control Oligo 
SEQ 

Triplex Binding Region Linker Region Duplex Binding Region 
ID 

S°TCCTTCTTTCTTTTTT-3' 1* 3' -TCCTTCTTTCTTTTTT-5' 5'- 
AgSaGAA^AAAAAA-3'--3'-GGAGG TTTTTTCTTTCTTCCT-5' 3t ± 

TrrTTCTTTCTTTTTT CTCTC 1 I I I I I CTTT CTTCCT -3 6 5- 

TTTTTTCTTTCTTCCT CTCTC TCCTTCTTTCTTTTTT- 3 T 

targeted to 5 '-AGGAAGAAAGAAAAAA-3' (SEQ ID NO 5) 

SESSS^mSEQ £ NOs 3 and 4 showed high stability against exonucleases 

Snake venom or spleen phosphodiesterases), single- and doubles trand specific 
(snaxe venom or *w y y • 1Q0/ { ta| feta , ca)f semm ( non -heat 

fnactTva ed un^^S^mant. and the formation of a stable duplex 

and Jovine, Biochemistry 28:95429549 (1989), Tang and Temsaman, 
and Agrawal L Nucleic Acids Res. 21:27292735 (1993)). 

The new strateov described here for taraetino sinale-stranried DNA and 



RNA pyrimidine sequences by formation of triple helices using ps hairpin 
Taonudeotides not only significantly increases the number of sequences that can be 
tarqete ^ by Spfex formation but also decreases the susceptibility of ol.gonucleot^es to 
deSdation by cellular nucleases either with or without chemical modification The latter 
chSSic ?Kgni?icantiy important in the development of therapeutic agents for ,n 
vivo uses and treatment of diseases. 

Hairain triplex-forming oligonucleotides according to the invention can be synthesized 
3n to nytfthe procedures known in the art for oligonucleot.de synthesis E 
S2r .Modular Biology, vol. 20. "Protocols for Oligemic eot jdes and Analogs. 
Synthesis and Properties'" (Sudhir Agrawal, Ed.. Humana Press, N.J., 1993). For 
example. U.S. Patent No. 

5 047 524 the teachings of which are hereby incorporated by reference teaches 
pnosphoramidite synthesis of oligonucleotides. Alternately. U.S. Patent No. 

5 149 748 the teachings of which are hereby incorporated by reference, teaches an 
ODtimized 'H-|^ho^3honate approach for oligonucleotide synthesis. For hairpin triplex- 
oligonucleotides containing non-oligonucleotide linker regions, synthesis can 
s?to c££ ^ ouScordSo Lse procedures, provided that any hydroxy, groups are 
St orotected by an appropriate protecting group, such as a dimethoxytrityl group, that 
any am no gn^ups present be protected by an appropriate protectee group, such as a 
Soraace^ group, and that one end be linked to an appropriate coupling group, such 
as a cyanoethyl-phosphoramidite or H-phosphonate group. 

Hairain triplex-forming oligonucleotides according to the invention are useful for a 
ISofls™ First they are useful for in vitro studies of nucleic add tnplex 
ZSi™ InThairoin triplex-forming oligonucleotide it is possible to vary many 
pa^meteri such ME^e fctage types, base modifications, linker length and 
SStSc to study the kinetics of triplex formation and disrupt™, which may be a 
biologically important process. 

In addition hairpin triplex-forming oligonucleotides can be used in place oftraditional 
anSensTonaonucleotides in tissue culture and animal models for studying gene 
expS-o In ?hese systems, the increased specificity and complex stabi ty of hairpin 
SS-fon^ing oligonucleotides is beneficial. The hairpin triplex forming o ^nucleotides 
accofo Sto the invention provide an attractive alternative to deletion ^onrnthe 
modulation of gene expression for the in vitro or in vivo determinate of the role of the 
targeted gene in biological processes. 

Finally hairpin triplex-forming oligonucleotides are useful as therapeutic agents • tor 
aiseases or physiological conditions involving expression of specrfic genes The disease 
S o" ttiat a particular hairpin triplex-forming oligonucleotide is useful for treating 
will depend upon the nucleotide sequence to which the duplex-formmg region is 
^fficiXomp'ementary to hybridize under physiological conditions. In many cases 
the nude I acid sequence will be a virus nucleic acid sequence. The use of antisense 
SSSSSrinhlbH various viruses is well known, and has recently been reviewed 

TibteSTo' 152-158 (1992). The lessons learned from antisense antivirals can be 
IppKd to duplex-forming regions. -Viral nucleic acid sequences that hybridize to 
effeSe aSse oligonucleotides have been described for many viruses, mcludmg 
human immunodeficiency virus type 1 (U.S. Patent No. 

4 806 463 the teachings of which are herein incorporated by reference), Herpes 
simotex virus I U i S patent No. 4.689.320, theteachings of which are hereby mcorporated 
bv reference) Influenza virus (U.S. Patent No. 5,1 94,428. the teachings of which are 
Sre£TnSporated by reference), and Human papilloma virus (Storey et al., Nucleic 
Adds Res 19 4109-41 14 (1991) . Sequences hybridizing to any of these nucleic acd 
sequences can be used fo the duplexforming region of hairpin triplex-forming 
SSSSS! as can nucleotide" senuenr.es comnlementarv to nudem acd 



forming oligonucleotides can be prepared include but are not hmrted to 
Foot and Mouth Disease Virus (See Robertson et ^^^^l^' 
Harris et al J Virology 36, 659 (1980 , Yellow Fever Virus (See Rice et a ., 
Science 229, 726 (1985)), Varicella-Zoster Virus (See Dav.son and Scott, J. 

^X-^^^^^J^ C {S6e Mi " er 
and Purcell, Proc. Nail. Acas. Sci. USA 87, 2057-2061 (1990), Proc. 

Nail Acad Sci USA 89, 4942-4946 (1992); J. General Virology 74 661-668 (1993)), 

Hulan PapHloma Vims (Storey et a... supra), and Respitory Synotial 

Virus (See Collins, in The Paramyxo Viruses, Chapter 4, pp. 103-162 (Dav.d W. 

Kinosbury Ed 1991)). Alternatively, the duplex-forming region can have a nucleotide 
t^nSa^ 

tauTnces to nucleic acid sequences from any such pathogenic organ.sm 

ran to™ the fuplex-fon^ing region of hairpin triplex-forming oligonucleohdes^Examples 
nZaenic ^^Ervotes having known nucleic acid sequences against wh.ch ha.rpin 

hqmw Fasciola heoatica (See Zurita et al., Proc. Natl. Acad. Sci. USA 84, 

987 l/Kgal iSroh triplex-forming oligonucleotides can be prepared using a 
dutS2^5 i^S^avlnS a nucleotide sequence that is comp ementary to a nucleic 
add seawSZ e.g.. the chitin synthetase gene, and antibacterial ha.rpin triplex- 
forming , oltaonuSiide! can be prepared using, e.g., the alanine racemase gene. In yet 
LnTttTer embodiment the duplex-forming region of hairpin tnplex-formmg 
t^dS^Snte* a nucleotide sequence complementary to a ceHular gene or 
SSS^Ito aKomial expression or product of which results in a disease state. 

sequences of severe 
including prion protein (Stahl and Prus.ner, FASEB J. 5, 2799-2M ( 9 91 >)' ™| 
amvloid like protein associated with Alzheimer's d.sease (U.S. Patent No. 5,015,570) 
Inc I various wel -known oncogenes and proto-oncogenes, such as c-myb. c-myc c abl, 
ano n res SSoT oligonucleotides that inhibit the synthesis of structural protems or 
enzymes invdvedTargely or exclusively in spermatogenesis, sperm motility, the binding 
KSe egg or any other step affecting sperm viab.lity may be used as 
c^cSes for men Similarly, contraceptives for women may be oligonucleotides 
S nhfbi pSeins or enzymes involved in ovulation, fertilization, implantation or .n he 
biosinthesfs of hormones involved in those processes. Hypertension can be controlled 
bvoffnu^Lo ides that suppress the synthesis of angiotensin convertmg enzyme o 
?ela°ed enzSestn h e renin/angiotensin system; platelet aggregator, can be controlled 
bv suooresston o the synthesis of enzymes necessary for the synthesis of thromboxane 
% forTeTmyocardial and cerebra. circulatory disorders, infarcts, artenosclerosis 
embolism and thrombosis; deposition of cholesterol in arterial wa can be mhib.ted by 
^DDresTion of the synt hesis of fatty acyl coenzyme A: cholesterol acyl transferase in 
SZsSZlwLw of the synthesis of cholinephosphotransferase may be useful 
fn hSntdS There are numerous neural disorders in which hairpin tnplex-formmg 
SiSSSSS-^SS- to reduce or eliminate advene effect, , d ■£ ^disorder. For 
example suppression of the synthesis of monoamine oxidase can be used in 
Skinsoni disease; suppression of catechol O-methyl transferase can be used to treat 
Soression and suppression of indole N-methyl transferase can be used .n treating 
schSenfa Suppression of selected enzymes in the arachidonic acid cascade wtuch 
leStol^la^ and leukotrienes may be useful in the control of platelet 
aggregation, allergy, inflammation, pain and asthma. 

Sunnression of the nrotein pressed hv the multi-dmo resistance fmdrt oene. which is 



responsible for development of resistance to a variety of anti-cancer drugs and is a 
m for impediment in chemotherapy may prove to be beneficial in the > reafrnen of 
cancer Nucleotide sequences complementary to nucleic acid sequences from any of 
toes aenes ca be used for the duplex-forming region of hairpin fr.plex-form.ng 
SiaonScleofide^ according to the invention, as can be oligonucleotde sequences 
Sementar; to any other ce.lu.ar gene or gene transcript, the abnorma. expression 
or product of which results in a disease state. 

Antisense regulation of gene expression in plant cells has been described in U.S. 

Patent No 5 107 065. Since the nucleotide sequence of the duplex-forming region can 
hf^ntPd to form Watson-Crick base pairs with essentially any gene, the therapeu «c 
Eiffi^ «E^* CigoSucleotides should be very broad. Still, certain 
diseas^Tare o particular interest. For example, a variety of viral peases may be 
Sed by hairpin triplex-forming oligonucleotides, including AIDS, ARC oral or genital 
heroes papflSna warts, flu. foot and mouth disease, yellow fever, ch.cken pox, 
sSes ^Sukemia, and hepatitis. Among fungal diseases treatable by hairpin 
SomVing^nucleotides are candidiasis, histoplasmosis cryptococcocis 
Mastomvcosis aspergillosis, sporotrichosis, chromomycos.s, dematophytosis and 
cc^cWbld^mycosis The method can also be used to treat rickettsial diseases (e.g.. 
Ss S Mountain spotted fever), as well as sexually transmitted diseases caused 
b ^Smyoia trachomatis or Lymphogranuloma venereum. A variety of paras.t.c 
SiseSeTSn be Sated by hairpir . triplexforming oligonucleotides including amebiasis, 
Cheoas' disease toxoplasmosis pneumocystosis, giardiasis, cryptospondiosis, 
JSon asis and Pneumocystis wrin^ pneumonia, also worm (helminthic diseases) 
STaSasis Liasis, trichinosis, schistosomiasis and nematode or cestode 
fnfetfons Ma aS can be treated by hairpin triplex-forming oligonucleotides regard ess 
of whether \Us cTused by P. falctparum, P. viva, P. orale. or P. malanae. The ,nfect,ous 
a Leases ^identified above can all be treated by hairpin triplex-forming ol.gonuceot.des 
Suse theSous agents for these diseases are known and thus hairpm tnptax- 
Sng o ^^igonucleotides according to the invention can be prepared, having a target- 
3 rpninn that has a nucleotide sequence that hybridizes to a nucleic acid 
Sence S is an e?sentS nucleic add sequence for the propagation of the infectious 
agent, such as an essential gene. 

Because DNA can breathe (see, e.g., Ussery and Sindem, Biochemistry 32 6206 
MoSlf haSn i triplex-forming oligonucleotides can form triplexes with DNA See, e.g.. 
ffie SEES BiSmL et Biophysica Acta 1049, 99(1990) at page 100. 

Cancer cells have a much lower pH than normal cells. See, e.g., Lutz F. 

Tietze in Molecular Aspects of Chemotherapy: Proceedings of the Second 
SmaS Symposium on Molecular Aspects of Chemotherapy, Chapter 5 (E. 

Borowski and D. Shugar, Eds., Pergamon Press, 1990). Accordingly, one can design 
haS Mplex-formin f oligonucleotides that are capable of forming ha.rpm triplexes in 
SSL praSenilly. Oligonucleotide activity in cancer cells can be obtained by 
H^inninn hairoin triplex-forming oligonucleotides to contain more cytosines than 
2 Sse Sosine must be protonated. preferably at low pH, to form Hoogsteen 
bTd It i Ss dlffeSTat provides the opportunity to design hairpin triplex-form.ng 
o gonu eolides that preferentially form hairpin 

cells; methylcytosines, which can be protonated near physiological pH (6.5-6.8), can be 
used. 

The following examples are intended to further illustrate certain P^l^^ mB ^ 
of the invention and are not intended, nor should they be construed, to limit the 
invention in any manner. 



EXAMPLES 
Examnle 1 



Svnthesis of 5 '-S 'and 3 '-3 'Oligonucleotides ,~ 0 ~v 
The 5'-5' attached oligonucleotides were synthesized on normal solid support (CPG) on 
which the new oligonucleotide grows in the 3, - 5' direction using normal 5 DMTr 3 - 
cyanoethylphophoramidites (Millipore, Burlington 

MA) At the 5'-5' attachment site, 3 '-phosphoramidites were replaced with 3 

DMTr- 5'- -cyanoethylphosphoramidites (Glen Research. Sterling. VA) and synthesis 

was continued to obtain the desired oligonucleotide. 

The 3'-3' attached oligonucleotide synthesis was carried out on 5'attached solid suppon 
(Glen Research) using 3'-DMTr-5'-ss- cyanoethylphosphoramidites From the 3-3 
attachment site, synthesis was continued with normal monomer synthons. van de 
Sande et al., Science 241 , 551 (1988). 

Example 2 

Thermal Denaturation Studies 

Each antKnse oligonucleotide (1 .2 'LM) was mixed with equal amount of target in a 
buffer of 100 mM sodium acetate, pH 5.0. containing 10 mM magnesium chloride 
heated to 95"C for 10 min, allowed to-come to room temperature slowly and then left at 
4"C overnight. The melting temperature of the each sample was measured on a Perkm- 
Elmer Lambda 2 spectrophotometer attached to a thermalcontroller Melting curves 
were recorded by measuring absorbance at 260 nm as a function of tempera hire at a 
heating rate of 0 5 Clmin. Melting transition mid-points were determined by plotting 
dA/dT v. 

T. Each value is an average of two independent experiments. Uncerta inties in the T'C 
values is about 1 .0 C. The results are displayed in Figure 5 and Table 2. In the RNA, 
sequence U replaces T. The numbers in parentheses are ATm values relahve to the 
Watson-Crick aps duplex of oligonucleotide SEQ ID NO 2. Triple helices of 
oligonucleotide SEQ ID NOs 6 and 7 with RNA purine target are not stable and. 
therefore, are not shown. 

oligonucleotide Sequences and Thermal Melting Data T (0C) 



pH 5.0 pH 7.6 
SEQ ID NO. 



DNA I RNA DNA RNA 

1+5 41.0 — 45.3 

2+5 48.6 32.7 52.0 32.1 

3 47.8 — 48.6 

4 45.3 — 46.9 -- 

3+2 63.1 53.3 54.6 41.4 
(14.5) (20.6) (2.6) (9.3) 
4+2 63.4 53.7 53.3 43.1 

(14.8) (21.0) (1.3) (11.0) 
6+5 62.5 — 54.2 

(13.9) (2.2) (2.2) 
7+5 63.3 — 54.8 
(I4 7) (2.8) 



In these UV thermal melting studies, oligonucleotides SEQ ID NOs 3 and 4 showed T.s 
of 47 8-C and 45.3 "C, respectively, due to the formation of ps duplexes. CD studies 
confirmed formation of Hoogsteen hydrogen bonding ps hairpin duplexes Liu et al. 
suDra) below pH 6 0 by SEQ ID NOs 3 and 4. Native polyacrylamide gel electrophoresis 
experiments revealed the difference between ps and aps (anti-parallel strand) hairpin 
dimlexes fLiu et at. sunraV The linear ns and ans riunlexes formed hv control 



oligonucleotides SEQ ID NOs 1 and 2 with the complementary strand have T=s of 41 .0 
and 48.6"C, respectively (Table 2). 

SEQIDNoTa^^ 

Eis^ 

^E^Ses formed complexes with 1:1 ^°^r^^ Le,es 
XctroDhoretic mobility shift assay on native polyacrylam.de gels, s m.lar to the triplexes 
electrophoretic moon y s ' » S£Q , D NQ 6 and 7 Kandimalla and Agrawal, 

cZ J s^a ^S?t3SS?^D N5. 6 and 7 with their single-stranded DNA- 
ouS aSsEQ D NO 2 showed T=s of 62.5 and 63.3 »C, respectively. 

7™ VJw&S^™ -ess stab.e than those formed at P H 
5.0 (Povsic et al. J. 

a rhcm cnr 111-3059-3061(1989); Xodo et al Nucleic Acids Res. 19:56255631 
^SS^SiilS^U cisines require acidic pH I conditions for triplex 
oration Triple formation at physiological pH is achieved m the presence of 1 1 mM 
rormaion. uv fnrmpri at neutra | D H in the presence of spermine is less stable, 

149:115-121, Prakash and Kool, J. Amer. Chem. Soc. 114.3523-3528(1992). 

™„«n„HpntiriPs SEQ ID NOs 3 and 4 exhibited strong binding to the single-stranded 
3S£S« >D NO 2 «1 T- *«0C - J gTC * pH 5.0. Under ,he same 
experiment eondMorrs, the hererodrrplex of RNA . S E O JD 

formation with RNA target at physiological pH. 

Recent studies suggest that triple helix types of oligonucleotides SEQ ID NOs 6 and 7 

wSa purine target strand are not stable (Kandimalla anc i Agrawa,, 

Gene 149 115-121(1994). Kandimalla and Agrawal Nucleic Adds Res. 23.1068- 1074 

M995) Rolens and Crothers, Science 258:1463-1466^(1992), Han and 

DeVvan Proc Notl. Acad. Sci. USA, 90: 3806-3810 (1993). Escude et . al. 

Acids Res. 22:5547-5553 (1993), Wang and Kool, Nucleic Acids Res. 

??-2326-2333 (1994)). Further studies of the formation of triple helices under different 
femperatu e and P H 'conditions revealed stable triplex formation even when the P s 
haimin SEQ ID NOs 3 and 4 and target DNA or RNA strand SEQ 
S S 2 were incubated at 4"C confirming that the triplex forms readily and does not 
require conformational changes. 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Kandimalla, Ekambar R. 

Aqrawal, Sudhir 

pjjTITLE OF INVENTION: Pyrimidine-Targeting Hairpin 
TrinlfiY-Formina Oliaonuclfintides 



(iii) NUMBER OF SEQUENCES: 7 
(jv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Michael S. Greenfield, Ph.D. 

(B) STREET: 10 S. Wacker Drive Suite 3000 

(C) CITY: Chicago 

(D) STATE: Illinois 

(E) COUNTRY: U.SA. 

(F) ZIP: 60606 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

C OPERATING SYSTEM: PC-DOS/MS-DOS 

D SOFTWARE: Patentln Release &num;1.0, Version &num;l.<tt 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Greenfield, Michael S. 

(B) REGISTRATION NUMBER: 37.142 

C) REFERENCE/DOCKET NUMBER: 95,550 

(ix) TELECOMMUNICATION INFORMATION: 

(B) TELEFA)fc(312)715-1234(2$ INFORMATION FOR SEQ ,D NO:,: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

(xi) SEQUENC E DESCR IPTION: SEQ ID NO:1: 
TCCTTCTTTC TTTTTT 16 

(2) INFORMATION FOR SEQ ID NO:2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(iii) HYPOTHETICAL: NO 

(xi) S^S^dSrIFTION: SEQ ID NO:2: TTTTTTCTTT CTTCCT 16 (2) 
INFORMATION FOR SEQ ID NO:3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 
(ix) FEATURE: 

(A) NAME/KEY: misc feature 

(B) LOCATION: 17..37 

(D) OTHER INFORMATION: /note= "nucleotides 
17-37 are listed in the 3'- > 5' direction'!. 

frt SEQUENCE DESCRIPTION: SEO ID NO:3: 



AGGAAGAAAG AAAAAAGGAG GTTTTTTCTT TCTTCCT 37 
(2) INFORMATION FOR SEQ ID NO:4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 
(ix) FEATURE: 

(A) NAME/KEY: misc feature 

(B) LOCATION: 1.. 16 

(D) OTHER INFORMATION: /note= "nucleotides 

S'mSSncS KISSES ■> NO* AAAAAAGAAA GAAGGAGGAG 

CTWroSIISSJJwffia ID NO:5: (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQID NO:5: 

AGGAAGAAAG AAAAAA 16 

(2) INFORMATION FOR SEQ ID NO:6: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

xi SEQUENCE DESCRIPTIO N: SEQ ID NO.6: 
TCCTTCTTTC TTTTTTCTCT CTTTTTTCTT TCTTCCT 37 

(2) INFORMATION FOR SEQ ID NO:7: 
(i) SEQUENCE CRARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(iii) HYPOTHETICAL: NO 

(xi) ^wiio^R\FT\ON: SEQ ID NO:7: TTTTTTCTTT CTTCCTCTCT 
CTCCTTCTTT CTTTTTT 37 
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